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This papsr dascrLbia b fare*. pha» project concerning the uatchltvg N 
analyzing, and describing nf motions nf a cat En ^arloui gaits. All data 
Ib based on two 1G mm film of an actual 1 cat rtgving on a trsadblll* In 
phase I, the low level Issue's ©f tricking ksy points on ths ca-t fr©« frame 
to frame are di ecus led * Phase II deaia ul+,h building 3rd using 3 graphics 
tool to analyze the date o* phass I, Phaas 111 Is p high 1***1 dlscusBiO'n 
Of cat locomotion bM*d on the trajsctrjr ie» and movement. & explored bu phase 
JJ. 
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TMo paper daacrlbti a three phase project concerning the v I suing, 
analyzing* and description of tb* potions of b cat running wi a treadmill. 
The first phase dead utfh the tfynamic vlaign ietues of finding and 
IrBcMng th* key point! of tha cat from b IBm film. Thia uaa successful ly 
dona ulth a microacopa attethrtant to a slow scan vidlton which viewed ths 
filtj directly. The ascend phaie Mat more a graphics problt* of haw coat to 
display tha point a of ohast one in order to be aoat Useful and easily 
understood. Graphs of angular poaltlone, angular Velocities* and angular 
accatarat Ions of all joint* are available at hell aa footfall diagrams and 
both static and dynamic trajectories. The third phase ia more in the- realm 
of kinematics and/or bigphuaice as It deals with the hows and whys, of 
locomotion* For this reason, the analysis is not aa deep as the data ui 1 1 
allw* A full and careful analysis can and aho-uld be undertaken, put thai 
ia not the purpose of this paper* and htnc* tha anaiysia ui M not ba at 
fully developed aa If possible. 

Tuo ihcrt 16mm files of a cat running on a treadmill uere shown' In 
the MIT A\ playroom In January,, and afterwards* the quae M on was raiaed* *l 
wonder hou long It will be bafere a machine can run like that? - To which 
the response use. "Hpu long HIM It be until It understanda that?" A final 
remark was then heard+ '"Hew long until a machos c»n watch that? H 

This paper antuars tha last of theee oust t Ions, nanely that now a 
machine ha a "sesn N the films, and hit aauba even begun- to "under it and" cat 
locomotion, by graphically analyzing the data from tha fli*. Whether or 



not cat locomotion will or 0ve a suitable modal for machine locomotion ie *l 
open question. 

TMb project It rjally the esiifrlrtitrDn of thres distinct projecta. 
Thm flrtt Is extracting the positions of hoy pointt dn the cat, Mhi Ie this 
■ay M«* an unexciting lou level t«K P It ie actually ar Intones ting vie Ion 
pro] act. one uhlch «mpfp U9 froth tracking and recognition iklllin It Is by 
no Mans a slftple t*ak 1 cecals the cat's body at tleea obscured the key 
polnto that utre dsing trScksd, the f i In occasionally became slightly 
blurred or out 0* focu^aofl* point* usre sowing quit* rapidly, plut a I I the 
uaual problems associated »ith taking data from rsal uorld picture.. In 
apita of thaae problaea, the first phasa of this project i* able to reduce 
the Information in ths hundreefe of frames of thousand* of pixels of Z5G 
grey IbvbIb OBCh, to hundreds of sets of key point (Millions, an* set per 
frame of fil» vlauad. The portions qf thaae *sy po-lnti contain moat if 
not ill cf the eahfl information that the fils contained, but 1b Buch aaarar 
to uaa> 

Tha taoond phase tekss these tate of points [eight pointa per eeO 
and plo-ta than into mot lone and trejector | B b. d , M> || as displaying an 
an I ma tad cat that tidvaa across ths screen, Iha differences betuaen 
galloping, trotting, and walking con aailly ba eaan in tha grephe and 
trajactoriee, Simple curves on tha graph contains all the Information of 
th« *iany aet* of points, and thus a further reduction of volume of 
Information and Increase In pouer of tfie Information Is obtalnsd. 

Tha third phase atslmllatss all tha motion* and trajectcrlee vlaued 
In phase I! into a conpect theory of motion. The difference* In In* 



varlnAJt galtt art undaritood and •Mplaina.d,, Th* graph? dnd trajectories 
ere analyzed arid the rtliont behind thee ara undaratnnd. At this etace can 
*Tho Computer" c« said to hava watched and underetcad uhat the cat wae 
doing? 

Motet Tht tara "run" or "running* ulll he looealy uaad In thle- 
paper to hear having In 4 walk, trot, or gfl I lop-i EadkHrd rtuybr i da* states 
that "In tt* reference to quadrupedal F*Bv*IWinti> 'running* can bm applied 
tmly as It 1a to a Btraah of Hilar running donn a hi I I, a locoma 1 1 ve 
running along a railroad, 0>* en ivy plant running up a wall*" 



PHASE I — EXTRACT ENG POINTS FROM ACTUM. FUJI 

In this wet i Oi, the basic gray-level nefhode of finding the key 
point* or* described. The input to tr.lt taction ■■ the 16mm filfr, and the 
output It 1 dish f 1 la of key-point petitions 

The method of v I cm I ng th* f ■ I H should first be described. An old 
IE** movie projector net torn apart to obtain the hook and clau nechanism 
that pull a tho film exact ly nne fre«« foruird, Thit mechanism Is placed on 
a light table, and a alou acan vldlcon with a itlcrgtcQ^a a t 1 achmen \ ■ * u^ii 
to v leu It from above. Tha resolution of the nlcroscopa I ana la cnangBbla, 
but only tuo I ante a proved useful, alnca the higher tha resolution, the 
■■slier the field of view, and tha cat uould toon drift out of range'. The 
movie camera mutt be manually advanced after each frana. in order to view 
the next fra»t4 Sat figure 1, Tho vidlcon interfaces to a TOP U/4S uhich 
has a DEC GT40 [graph Ice display terminal I as its primary output dtvice- 
All software le written In POP 11 Aiaemblu language* 

■ 

The flint Uted were prepared at the University of Arlzon* hy Or. 
Mary C. Uttzal, to whom tie arm deeply thankful for a copy of the film a. 
Gummed reinforcements [email circular itena uaually found on three ring 
notebook paper! Mere attached to tha skin of the cat directly over the 
front right shoulder, eloou< and ur|§tt (he bscX right hip* knee, and 
anklei and tuu mere near tha talk Since the film can be viewed fro** 
either aide, the cat Is aluaya vltMtd to at lo bt traveling to the right of 
the vidlcon. The aide facing the vleutr it teraad tha "right" aide, and 
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FIGURE I . Physical set-up. 



the a Ida auay from the vlsuer shall bs referred to as the "left" aids. The 
point* actual I J tracked are polnte en ths (kin which nag move relative to 
the joints henealh thee,, hut this relative motion is believed to be B*alf« 
A treadmi I I uas used to keep the cat rslatively In OH* Olaee In front of 
thn Gafrora, The pomta found represent only the rfght front legit right 
rear legs, and rear and positions,, and tell nothing of the left legs* In 
eome of the later filmfl < ths rear end mar Hera ware not even traefce-d, ee 
their poaitlone were used tittle in the final analysrir The unmarked left 
legs were assumed to travel ths same trajacter I *s *S the right wias 4 only 
with icne phase lag* See phase II for further discuss ion of unmarked legs. 
The guemeti relntorctetntt thereafter rslsrrad to as narkers) were not 
placed in the same position on the tuo diffsrsnt cats of the Imo films- 

Thus ths prop 1 8" of finding ths markers uae one -Of finding B target 



that lo-oka llHlT{) lym * baiicilly dark but splotchy cat, Ihia is a 



v «t'V simpler taa.k than- finding the joint! Mithout epecial »erker* T as uao 
dona by Spanker t for tha human figure (HIT Working Paper Uc\ January, 
13761, and aore grtneral methods »r§ applicable. Tha baeic method employed 
was inaplra-d by a method used by Klmao, Ballard, and Sklansky [11, and has 
no relationship to pattern eatchlng. The Cflntraat in tha film ua» Often 
ah all between the cat, tha tar gat, and tha background, especially naar the 
back of ths cat, and this did ctuas acne problems, 

Tha gradia-nt (magnitude and direct Ion) of tha gray level picture- is 
computed at each call, Tha magnitude of tha gradient la the maximum 
difference between one na I ghbor of a call and tha "pppoatte" neighbor- 
{through tha canter ceil). The d tr»ct inn ia ana of |h« eight pceaible 
directions thia can tike (sea figure 2)< If tha magnitude of the gradient 
la above a threat™ Id, that call ft considered an edge paint. In a eecond, 
initially zero array, an arc la 'struck" about each edge point in the 
direct loll of the gradient at the known marker red I Lit (the larger radius! by 
incrementing tha call a that I la on this arc, This arc la a quartar of a 
circle in length. (See figure 31, Each cell in this array anda up ae a 
count of the noaber of edge point a that art a given radius away and uhoee 
gradient points toward that celt. The call uhess position la the eame ae 
the center of tha eserker should get increments? 1 by all the marker edge 
points, and thua would be tha max! mum t A second array uaa a 1*0 used, tmt 
uith the Inner radius of ths targat and reverse gradient directions used to 
Strike tha arcs (a gumma d reinforcement has an outer and an inner radluel. 
Both of theae arrays are exsminad for local maxima, and a Met of possible 
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FIGURE 2. Eighl possible direction* of gradients, 
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FIGURE 3. Arcs #re struck from each edge point. 
neap" the center of hypothesized circle. 



Max i mum \ s. 



target location? ia prepared. The target position is chosen from these 
possible locations based on other factors, such as predicted position (See 
below]. En practice., this method worked fairiy uel I when the picture was 
reasonably sharp and clear, and better at higher resolutions than lower 
one«u See figure 4 for an example of hou this method works when everything 
I i Irv order . 

However, often the *iarkers were blurred, obscured, or distorted, 
arx) this method did little good. Figure 5 shows a poor- quality marker and 
ite associated arrays h 

The petition Of the target is fir &t predicted based on ite past 
history and if it Is 8 " dipsnden t ' target^ its position is aleo computed 
based on a relative position to the target on Uhich it is dependent, A 
dependent target is one that is fiore or legs rigidly attached to another 
target, for example, the eibow joint is dependent on the shoulder joint, 
the shnul der/h i p joints Arm independent as are the two on the rear end. 
The elbOu/knee and wrist/ foot Joints are dependent on the shoulder /hi p and 
elhew/kn** joints reaped! ve ly. The shoulders were chosen ae the 
independent target a rather than the feet due to their slower motion. Some 
joints nuet be independent* in order that their position can be predicted 
based only on their pest hralariea. and not r«l#tlvv t^ other target g. 
These independent targe! a are lou-nd fi r r t . in order to B' v e * relative 
position to their dependent target*. U the position Ot 3 target predicted 
from its past motions agrses uith the prediction based on relative position 
to another target, the search area Is constricted. It I hey vary widely. 
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the area aeflrehed ■• widened. A picture- is taken cantered about the baa* 
BUete, and Ea handed to a routine along with a thraahald for edge paints, 
•and a radlua within uhleh to aaarch, ■ Th I a radius can be c I early atari S n 
flguraa * and 5* Iba area Cut* Ida of this rwJIut hi eHainafad from 
consideration* In figure 5, it: tie polnte were not even riad fro» the 
vldlcon, alnca even If they contained edge polnta T tha area atruck would 
not reach Inside thia radiu* of ednai derail -on, A I hat of posalble target 
local ions It prepared baaad on tha picture, The *neet h choice la choeen 
froa this Hit baaad on tha patt history tif thia tar gat and relative 
pas It Ions of Other targete, If the picture ig of goad quality* there Mill 
be only ana or two pictures In thle Mat, . 3n figure 5 above, many poeaibla 
target a u*ra returned. The information in the databata Mnlth la uaed to 
pick the 'b-eet" choice includes target type, tha paat eight peel t lone, the 
patt three teoree* tha initial eearch radiua, ird If It li a dependant 
target, alec tha patt thraa anglte to tha parent target and the distance to 
that target * 

After all aarker i have been located, thay pre displayed while the 
Operator advance! tha file.* The operator may decide to Correct any .target 
location* by efleel lying the target -nuabir and enrolling 1t to th* proper 
position* Before starting th* MHt fraea, all the posit lens are written 
out on dlak to b* tieod In phaii []. 

Juet to get an idea of what the fll« li liha, figure Q |heua every 
fifth free* of one atrlda of a cat trotting* The dynamic range h*e been 
greatly enhanced, and thua the picture sppeare to have euch higher contrast 
than Et actually doee> Host of tha aectione of fife viewed by Phsae I uara 



tuc to h^ »trldss I nngu The 1 1 me por frams required to locate th B targets 
varies from 30 to G@ Bfl-cond« 4 dspsndlng nn the number of targflte (G vi fit 
and the amount of intsrmsdiatB display to the user. Almost naif of ths 
ti*s ts spent reading point* from the vjdicnn. 

For edse In dl ■tuition, the front shouldf*" joint shall hones forth 
01 Joint 8 T ths front albou joint !■ joint 1, tha front urlat to joint 2 r 
th* back hip Is joint 3, tha bicK si how It joint 4* ths back foot fi joint 
5. tin hindmost rsdr Mrker (e joint S, ths other rear marker Is joint &■ 

Hoy that ths cat films hava been rsducod to dlek filftft Of point*, 
hb art ready to begin to analyze thsn* Thlfl la the task of phato II- 
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PHASE [] devaluing a graphics tool to view cat filna 

Once the point files have been created, one need* some method of 
viewing, examining, end analyzing them, For thi* fyr^sB, a graphics 
system waa developed. The inputs to th i a eyetetn are th*j point ♦ I I ee from 
phase [, and the output ie a variety Of graphs, tra lector lee, and other 
"high- level" descriptions of the cat's Hovements, to be used in phase til 
to develop a theory of C8l locomotion. 

The graphic terminal Is a DEC GT40 which hae an 11>9E processor at 
well ae a scape processor built into it. The 11 1§£> was used to cotntnuti ^ c* t e 
Kith the 11/^5, perform minor eoeputationa, do bookkeeping, and Modify the 
scope cade. 

The graphics routine developed leal led CATERS for CAT Display) hae 
the capability to plot the angle, angular velocity, end angular 
acceleration at 9n\f joint or Set of join!*, The u»er aped flea an angle oy 
naming three joint** [f only lug different joint a are specified (one joint 
specified twice), the angle that the line thrwojh theee tup Joint* makes 
with the horizontal la plotted, The angles which are eKamined In phaee III 
include 8-1-2, 0-1-1+ 1-2-2, 3-*-£, 3-*-<p, and 4-S-S (See end of phis* I 
description: to review joint numbers). The angular velocity le t^o 
difference In the laet two poo i t I one, i*«, position [1 l-poli 1 1 gn|l-l ) . 
However if thle le too noiay, the ueer can raqueet that the v»(o-eily be 
computed as peal t ion i i I -poal t loni i-21 , or even pool t ion(l)-poel tloflt i ™3) * 
etc. Thie effectifely filters out eome of the nolee, Similarly, the 
acceleration can use & filter on the velocity. The file name ie aluaye 



Bhoun a a DFTCAL.N S:2 lt2. where the nuncer ef t*r the S tells haw many 
times the data has cesn snootlietlp and the number after th« T tells the time 
delay in paints used to conpute tha velocity and acceleration, ul th T:| 
correapoading to trte Velocity shown be Prig pes i t ionli J-pnsI 1 1 anf t-L I , ft 
value of 5:2 1:2 was used In phaae 111 tn minrnlxe noise. Figure 7 shows a 
plat at the roar Knae Joint argln For a trot. 




FIGURE 7. Rear Knee Joint- Position, Angular Velocity, Angular Accelera- 
tion (trc-t.)- 

An animated cat Itwjift around (rw eats of points] C9r> alaa be Been 
uhich Mill either ryn In placa h or love acrosa the screen as the successive 
eats Of points arrive fro* ths il/45. This cat uMI disappear at the flick 
Of a switch tg allau closer inspection of the points themselves* the 
trajectories of the actual points can be ngrfs to stay in vieu ea new tets 
of point* arrive, thus ano-ulfinj a history ot tnat joint, either as the cat 



is moving acroaa the acraen H or aa it ia running in place (on a treadmi i l)# 

Esdnard Huybridge (IBS?] did froa! of li.i b analysis of frot i an by 
watching the patterns- of ftretfalla H i ,e, ttudying the order in which each 
1*9 hit 8nd h3b lifted from the ground, We used" a b tuple diagram thai 
looked Ilk* 



H 



uhflrfl \ ** t h * ^roflt ltft foot, j^ i» the frwt right foot, (^ it th* 

6«CK It + t foot, and ^B ■; the back, right foot. If these By*bois are 
pre sent in tha diagram, that foot i| on the grounfl i and if afceent, that 
foot was not at thai moneM -supporting the body. Thu* The above diagram 
depict* an animal standing on ai i four- fegt, and 
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reprfrflenl an an I Ha I ui |h ttjo feet en the p/avrtd »nd one th»| it^Pn^ntar I fy 
hag. no feet on the ground, respectively. These riuybridge type footfall 
diagrams can be seen in CATDIS, either dynamically as the cat hdvai, or ae 
a eeriea of static diagrams, ihculng tht taqucne* end duration of 
footfall*,. Th* iclld symbol a *9 and Ak have been replaced by £j and 
j X * 'OCt i* contldtrtd U being c* Ihe ground! it it I* befou 9 UJ** 1 
specified V value AND if it is ngvirtg backnards on |h s original f 1 Ita lufterp 
the cat ie on a treadmill that ia moving backuardsi. The front and rear 
gr^OMnd l«vel» can be eet independently in the event that the markera are a 
different height a&O^t the ground on the cat. These diagrams are very 
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FIGURE 3. Qne complete stride of a walk. 

useful in classifying gaits. Figure B sncug. on* COhpl*to Btride of a M3IK. 
The count bolou each drag r an tells hou lany fraflSi that "phase" lasted. 
Each fra*ie ia approximaTely IS wi I I i sscondg, since the f i Fm was taken at 
L60 frameB per second. Figure 9 stilus a cal galloping uith a dynamic 
diagram at the left (as the cat moves, (he diagram changes). 




FIGURE 3. Cat galloping. 

For more- detailed information on hou to St* tfiat j/ou Nant to aee 



from CATDI5, see Appendix 2 k an operational guidt to HftTDtS. 

Thus with all 0-f th*»e high level descr ipt ioni- of th* actions of 
the targets gvailabl-9, an under stand eng o ' cal l0G0*6Tion is pa as i til a. 
This Is the purpose of pham Ml- 



Phase- HI Understand! n*g Cat Locomotion 

The input to this aaetion is the graphs, dl agt-arta. tr? j^ctpr i B s. 
and other high l*v(=P information of ohaae II and (he output is a theory of 
cat locomotion. The rotary gallop, trol and walk are compared. 

Thaae cat f i I as are accurate encugn and Irequent enough that aon-e 
under a landing of the notion is possible, unlike earlier alti-m^ts of 
watching human figurae In mot i an. [Se* Harking Paper Hi If now I edge Prlv*n 
HBcaanit^cn ef thft Hunan Body fly Glen SpecKart] The filrts were tstt*n at a 
rata «F 100 fracas per second, flfl each frane rEpressMa about 19 msec. 

The walk ig the fliouest, i*o=t tebHuI gai^ and a* can be seen by 
figure Lfi H tha eat ig supper-tad alternately on tuo Or thraa leo.a. As a 
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FIGUttC Id, Walk- 
general rula, whenever tha animal in supported by tuo lega. if tha **ovirvg 
lege are batneen the supporting ones, both are lateral pair*. |f tha 
navJng lege are out a id? tha supporting lega. beth pairo are diagonals 
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(Fluybr i cTjft) < Thua the uai* sequence coneists of (refer to figure 10] 
itarting on three leys end li+tlng the trcnt right, dropping the back, 
right, lifting the toacfc left, dropping the front right, lifting front left, 
droning the- back left, lifting the back right, dropping the front left and 
recurs ing. This ie a eynetric gait as the right legs are 130 degrees out 
&f phase with the loft ones. Th» front Itg sew* to lag the back leg on 
the sans side btf 30 degrees, Figure 11 sHdhb Ihe graphe of all the angles 
far a ualk, Note the low aece 1 *rat ion* and hence I dlj energy amended by 
thie gal t . 

The trot is a slightly fasler gail, and conaista b3»ic3llif of 
diagonal pair* working together tin pJhaseJ to alternately support the body, 
fluybridge gained great fame oy ehoitlng that hortss have a 8 Night her tod of 
non- supper I between changing of pairg of supporting lege, Thie can be Been 
In 3 vory short phase (about IS msec) in Figure 1?. In all |he trots l*w 
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FIGURE 12, Trot. 

figure 13P , the cat stayed a long tmc (180-120 usacl on it* diagonals and 

took about 40 *»ec to change to the other pair, the four (vent* of I Iftlng 
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FIGURE lj- More trots. 



the tuo eupporHng feet and ae.lt ;^g th* tuo n*u supporting fesl dour* h apron 
close tn get her In tine f arid their precise order ia not always (he seme. 
HoMSVtr the front lag in the diagonal pair a I uaga leaves the ground scorer 
than Its diagonal partner* end it pi bo aluaya lands alight I y sooner. 
Figure 14 shnus a complete flat of graphs tar all jo-infa and angle? gf the 
trot. Nota that the. acceleration* ar* higher than in |he ^alk, tout *^t 3S 
high as for the gallop, The trot >t a »y*frtl-ic gait ^ i th> th B right and 
loft legs 1&& degrees ouf of phase, afidl a I SO tto front fttt art 1*9 o>gre.e.| 
9Ut of ptutt Ukthi the mar onea on the same side. 

The rotary gallop 1b the fastest gait of the cat. Except for one 
long peH Gtl Of Iwi supper ted transit, tha cat aFtarnataB support on one or 
tuo lege. Starting I r* flight, the tat fire* touchaB donr> hi th I ta roJr 
left leg follc-MBd by the right rear. The right rear then stands alone as 
the; left r»ar ahowei off and the cat stretcha out. The right front touches 
doun Juat before the right rear I 63v«* ahd it i* soon joihtd &g the. left 
front* The left front aoon DEcawes the sale supporting leg of the body for 
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a fairly long period Defers contr ibut ing a Strong kick Uhichi sends the cat 
bacK into ita long period of unauppor ted f I i gM . Sen figure IS, Uhen the 
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FIGURE 15, Rotary Gallop. 

Olif i» irt flighl, all four e>f i Is legs are tucked beneath the body, and 
th^S phase- lasts for slightly owar one fourth of the stride, Et can be 

easHy aeon why this gai t is calted the rotary gallop, as the foatfalla 
proceed In a counter clockwise circle around the cat, I* the roles of the 
right front and I aft front are reversed, this gall becomes the traneveree 
gal lab. The graphs of figure IS «n bs seen to contain higher acceleration 
peaka than in either the ualfc or the trot, and thus lhB> energy required is 
higher. This ia not a symetric gait, a a the front left leg I aye the front 
right one by G0 degreea and the bac* left leg leads the back right one by 
Gfl degreea. 

The velocities of theee gal to can ba found by flndlny the minimum 
offset needed to add to each frahe Such [hat the feet never appear to move 
backwards. This ia dona to produce the point trajectories of tr-n cat as if 
It uere running on stationary ground. The spseda are 2S, 19, and 10 for 



tho gel lot, trot, and ualH respectively. By setting theee veloctttea in 
CftTOIS. the- cat can tie *aen te move acrnea the aer**n« The fila length, 
par Tod. phase legi, and valnoltlai for ill the data flits are tabulated In 
Append i* 3* Agarm furthtr analyse Is pott lb I e fro* the data, and If 
encourafl/Otf, but that it not the burpnae of thl t rt tear oh* 

Thug It can be seen |htt a reasonable amount of Hi nana tic ana lye it 
can be dona en polnti which uart uJiuaHu located froa an actual real uorld 
fila* Thle ahout th* reliability o* the dynSHic vielan ayetan O^ch the 
graphite agateit and kinematic anal yt it art bated ufinn. 

H Th# Computer* hat fa*n the cat films, understood the basic 
mechanic* Of several type* Of notion, and fiou It i t up to the mechanical 
engineers to enable It to Imitate Ihe cat. and eoaatlag be able to walk. 
trot, or gal lop, 



APPEH03N 1 Operational Guida to Phase I 

Thlt appendix diicrltifla frpn to una the first phass of this projsct, 
th* phsaa concerned with cnnvartlng L£*» file to d h ah file* of paint 

poaltlonB. Ta r* the. progriij do 1 



iCATHt 



Thin ul I I ask then for a targat radlua tE for 2 Plan acope prnb» r 9 * 0fL 3 
Plan) and ■ threshold. The threshold 1b thi value which determine* whether 
g point hat tflOUgh Ipraad acrofls It to ba ar> "edge" paint. 7 ll I good 
value to give. At thli point It will respond with 

ENTER COfflftNO 

There Are eanuj comnanda available, and a ?<cr> ul I I lint thee. Probably 
though, you will nar>t to do an 

EP*cr* lintar plcturo modal 

first. Thla will load in PICT67 Into the CT*B. this le a display program 
which hI I I d i bo I ay one sector pictures. After loading In- this display 
program, my program rilll ask you whit you Mint to Bee displayed You chose 
iJhat yo*u want to iee h ami kntflc*ti If It •houl.d uait for a character osforo 



proceeding Ithun allowing yew to e*anlne tha pic tyro el your lalaursk 
Itema wMch you can view 1 rvc I ude the actual picVJre 3a it is taken from the 
vldleon, tha array SCRftF which It tne array ul|h (ha large arcs draun on 
lt T th* array SCR2BF T the array that look* for tht waller center hole In 
the target and ■ count of tho nuibir of 'edge pofnta"* 

M thle point It ul I I agarn dak you for j command. Probably at 
this point, you nIII want to build a database,, or read one off dak. HD 
Mill read one En fro* dek, out you probably tii I I uant to do a 

BP<er> IbuHd database! 

Thit Hill ask you If thfl target la i ndependsn 1 , or dependent on another 
target, If bo, uhlch one. Targets 5,3.6,7 are independent, and 1*2*4,5 are 
dependent on 9,1,3,4 respectively. It uMI a loo ask gnu far a "c*n|«r 

distance eax" T TMl It the dletenc* from the arcjected pool t ion that ha 
searched. For £ lately spaced targets E and 7^ a seal I distance I ike G 
should be USad io avoid ccn fusion be tug an thea* For the other targets. 
this la not b very Important par ami tor, and anyiJhere from 10-30 1 1 OK, Non 
you huat scroll to within a targtt radius of tha targtt, Whenever It Hants 
UOU to scroll, the no«-da "Plsase Scroll" are displayed. Use the arrow keys 
on tha left of the keyboard, and Mt space uhan you are (tone acrolling. 
Hitting *S" ulll change tha sera II modi to ing e oixal t i.e. each time you 
hit the key. the cyrtur moves one pMek Hitting "N* retumt to normal 
acrolling ndt, After you hHve ecroMed, It ui I I locate tht target, and 
atk you 



ANV MORE TARGETS? 

Reply V for y«t. than supply tba abnva information *er each target. Uhen 
yov h*v* Infomed It at all target** replug to tHe lest question, and It 
ul 1 1 again aak. you for a command. Ifou advance the fl In ons frm, and type 

62 It tap 2 In building database! 

■ 

Ihla Hill ask jnu to *£rol I to the neu pfjaltlnn of each tarsal fi*0» the 
I ait petition. »b the targets Nay bs levins ripldly H and It baa no idea of 
each target's velocity. ThU njtvea It tha velocities of all ilia target*. 
New advance the f ft I In and type 

B3 (step 3 In building 9 dataoaael 

■ 

Thia uill ask you to again acre. 1 1 to the targata, thua giving It an idaa of 
the pceo I elation of each target. After you have built tbia database, you 

■ay want to write It on diek* 1 1 ul I I only ha useful if you era at the 
current frame Irt the till again, IC ur'<tsa databasa on dlak. 

The normal aequenct la to advance the film and type 

ME [process ns*t fraeie] 



Thla HIM ecan far all the targets, thoninp uou Hhat yoj spec I- fled y«u 
wanted to eee on tha DT48 screen, find all th* points, display thorn and ask 
for your nint command* Ba euro to advance the film after each NE command. 
After A frames (Including the f^nt 3 used to build the databank you can 
do an 

OD (open dlakl 

Thli opens 3 disk file, and each NE ComMnd than urites Up point! to die*. 
before proceBBlnp, tha next frame. Whan yau are dona jdu wi I I uant to do a 

CO (close ctlHk> 

This cloeee thle point flla. 

Sometlmee tha routlna uH'l kncorectly find a target. Uhen this 
happens, It becoaes necostnry for tha operator to acroM to the proper 
ponton* For thla raaaorr, after each PC comaand, All tht point* that ara 
found are displayed, (f one la Incorrect* uou should do » 

CO (correct one I 

Thla will a*k for tha target number and allnu yoo to aoroll to tha proper 
position of that target. Since the peiltfone are written- out at tha 
beginning of the NE cownahd, It la this car acted posit I do that le written 

out, uhen uou do the next NE commend. 






Othtr command! UTilch are uneful Include 

DT diaplay currant flat at targets 

OH di Ipllys Hit B f>o*itic-nB of a target (it aeha tor target ff> 

0* displays I let 4 position* of e>I I target* 

AD add Wjf-B targets to datadase 

EP ■nltr picture node 

LP leave picture wotfe 

00 •pacify display Optima (what arrage to dleplay on GT48) 

RL rt-W*ni long point Me- St end 

PA Change p*ra*et ere nf radium and throehold 

II Uma of ca.j 

E>: bkI* 

? display all coWnande 



APPEMDlH 2 QperatiopaJ Guide to Phs BB ][ 

This appendix describes Hit use Of tha ^afrfiica rnutlrm which 
dlaplay, the pc I nit found In phase I. Io itart the prngrpe. type 

■ 

iCATOIS 

Thlt will lead th* dlsplpy routlnn into thf GT40, and ntion ■! t ll 

■ 

dona leading, thtr* thou Id oe a iff itch of a c»t and til* word* 

HITCH FILE NIWE 
* 

to rfiieb you should give th B nm of- a file uMrt la a data file from phatt 
3, The data files uhich I have col I acted art on toy disk and tra named 
GFICAL.N uhere. M ■■ a decimal tnmbmr . Since In o,»n flr al there fa a phatt 
dl tferonce.&etM*BTi toe fh-etind 1a*t set of ppinta In the flit, thtrt ultl' 
be a dltecmtmuDun jump In Sot Inn at tha " Hf ap- ar nund H point, where the 
flril tat of potiflona foUpu* thi last net. fauivtr. the fMee art- In 
ASCII, and thut can be ad:tncl tg tiinihrlKt thkp phatti difference t haw* 
done this for tin at of tht f \ It*, and the netflfied filea EuauaHu ihortor) 
are celled DFICAL.LM. PFICWL.Ztl. with tht '» Meaning that it Ig a modified 
or hatched fill. After reealvinp; ■ file flam, phaae II read* thlt llli 
Into cort. and ditplaya tht following ntaaagei 



BIT 15 HALVES CAT BIT 11 TUTN5 OFF CAT 

01 T 14 CLEARS POINTS BIT 16 TUHNS OFF TEXT 

BIT 13 UIPES OLDEST POINT BIT 3 TC V|£U HIDDEN FEET 
BIT 12 ADDS NEWEST POINT Bit B CHANGES SCALE OF GRAPHS 

BITS 0-7 DISABLE JQlJfT DISPLAYS 

7 TO PI5PLAY 11/45 COmAMCS 

There are three mode* to CATPI5. Thane ers normal., graph, antf footfall 
diagram mnde. The user starts out In norma I mode* Tm abovs meteagjt tall* 
what the GT40 bit bu I tehee da. The sets of point* are sent from the 11/45 
to tha GT48 to Da dlaplay*d + Soae of ths bit switches only have meaning 
when updating with the ne*t ait of paints. The switches effective at thie 
t lie are- pi is 15, 13, and 12- I* 61 t .12 It up. a point ul I I Da displayed 
{Jrt addition to any other point* op plctu^-aa) at tech joint paaiticr. \ust 
received. If bit 13 la up h thfl aldeat such tit of joint position point* 
Hill be Mushed, Thue having hits 12 and 13 up ul 1 I cause the number of 
point* displayed to ha constant, i.e. the lent n poei lions ul I F a I uaya be 
visible* If bit IS is up, the cat will became half »ize lunlaaa It already 
ia. In Hhkh case it Mill stay *nallL When changing size, all point* oh 
the screen are flushed* With all these points on the screen, It often 
become* confuting as to i»hl ch points ar-s In which joint trajectory. Thua 
by fl-lpplng bite 8-7 Cenytlmai, the set cor responding to that Joint nbt be 
displayed (it la not Inat, and putting the bit dcun redieqlaya themK Bit 
14 tt\i\ flush all points currently on the tcrsen, 01 1 11 turns off the 



tlch Of the c*t On order in vlau tha pointi better!) , ami bit It tur-na 
Off the text. Bit 9 caueei the left front and back faet to be viewed. Th* 
I aft ftot dre the tail li the right onaa, only delayed by phBee lag (see 
P command below). Bit i changae fha aeili Of the newt graph' • angular 
velocity and angular «cce I *r a t i an. Scale goes in a eye I fc t-Z-4-6-1 order, 
uith Changs of state of bit e advancing tht Kale ona position, Thua ifi 
this *od* t the Uier can watch tha point trajectories and locomotion. To 
get a act of Odlnte. the CT40 Must Interact ulth th» lifts* there are many: 
other ways to Interact «lth the 11/45* The following la a Hat Of 11/4S 
commands aval tab I a. 

SPACE This eafida over one sat ol pointa. Thus hitting the space 
bar ulM look like viewing evocative frames of the film* 

"A" This wiM aand tat Of Dointe over every time the clock 

ticks the n tinea* N la Initially B and can be eat with the F coewand* 
Thlf auto-mode will ehou tba cat in motion. 

- F" This sal.* the frame rata for the A command* I.e. 

determines hou long to wait between succeeive freati. On* clock tick la 
1/Efl of a ttcond, 

*H" Ihla sat* tha wove tt I stance , or tha offset to be added 

to tech frame* A nonzero value hare n\ 1 1 cause the cat to ecve serosa the 
etresn. A good value to use ie the aeelUft on* that doesn't a I lou any 



point to *ove tick wards. See appendix 2 for thli spaed for each file, 

- 

"R" Aahe for mu fila nana. UvQd to ragd enoflvflr f 1 ( a, 

"P" Set pUtt* lag (In points! between the right feat and the 

left feet. The lift fast are simply thi right positions delayed n points, 
P e*t* n, 91 1 9 aunt be up to sea left lege. 

M G M Graph node. This asks far three joint nuebere. and! 

Computes the angle, angular velocity, and angular acceleration at each 
fraa>e and plate this angle for ell frames In the disk Mia. The tame Joint 
can po ■pacified n two of tha three Jo'mte, thua resulting In the angle 
from the horizontal-. Catdit thin goes into gnph modi In which It displays 
a graph ehoMlnfl the angle, angular velocity, and angular acceleration of 
that joint for intire point fila. A dotted line ehout where on the graph 
the current position of the cat !•■ The uw rust alto fp*ci*y a tim» 
constant for computing the velocity and acceleration. If T-l, the velocity 
ie the difference in the I set two positions, tf N2, the velocity 
displayed ie the difference of pool t ion I and i-2, etc. Only the F. t L h S, 
and SPACE commands can be executed without ratu^ring to normal mode. 
Toggle bit 8 and do an 'L' command to change scale. 

'L" Ravlau last graph viewed. Uaeful in returning to graph 

ttprfp. 



"S" Smooths data. The nunbw Of tinea data ha* b>ae:n 

•rticothfld Ib given in Sin inadlitilu after fill n|«i, 

"C" Changa telle of points. It asks for numerator ftnd 

denominator- Needed beeauBB bomb of point fllea Mr* obtained using the 3 
plan microscope proba, end tohe Hare obtained usihjj <he 2 plan piece. Use 
1/1 for the- 3 plan files, and 3/Z for the 2 plan fllea. [■«« append!* 3 
for Mat of uhlcb I* uhlch). 

*T* □ lap I ays date H tlite, and current version nupbar. 

"I H Display* the bit iMitch Information above. 

"?" Dlaplays a I lat of these connanda and a brief 

description. 



Diagram *ode r This eomiiand flrel e«k* If lh* dynamic 
Huybrldge footfall d I varan atiould be turned on, If so, It ask* for a Y 
value for the front foot. Polflti HHiCh are be I on thi* value WD Htihch are 
■o-vlrg, baeKuartre in the original f I FN are tomldarad aa touching the 
ground* By hawhng bit 1Z up, typing H A. H to I at -the- cal run for a atrld* or 
tUQi and- then doing a "□", the user can man accurately; place the ground 
I ina> Tba front and back tr* independently sot tab I a in the event that the 
front antf rear Barker* art' a different height abqva the ground* After 
having dona thia, the user it returned to normal mode- but a ttuybr I dge 



diagram Is vlilM*on the le#1 of trie ier#*ru As (he eel mo*e« <«i|ti*r 
ulth another n A n F or aoeeaa*lva- "SPACE* eor»*iarKi?i) , this 1J i agram Mill anew 
which feat are on thva ground. Id turn off thi a diagram,, typo another H D H 
and dnauer "N M to the *lrat quoit Ion. 

"0" Other Diagra*e+ doesn't itrt to Hand for Multiple 

footfall diagrae merit, but *e»t of the good letter! u*r* taken uhen thi a 
feature uee Implemented. Th-I* cnmnand as** for a start ^raca and s count* 
If there le a phaae lag of 17, use a starting frame of at least IB to avoid 
pointe fro* the end of the point fill Messing up the diagram. It displays 
the nuybrtdge footfall diagram for the uihole series, and undsr each diagram 
gives a count of ttie number of franea in a row that that diagram was valid, 
20 siagrans are the moat it can shnu (different from 26 framss) . 



Ju*t to Jftt ana it*rtfd, try Utlrtg the file GALLOP. When the bit 
■Mitch Information U dlHf>!aj B d t tups an A + Tho cat uMI app«ar to be 
running on a tra*dihlli. UetcH for a while* th* put up bit 12. ThU ul M 
C«uaa the (mints tp rang In ll> view. Flip pit 14 up and dour* to cl*«r th* 
potnU, and then put pit 13 up (the ctt I* runnlnfl thli whole tin*}. Nou 
H should appear aft If thtrt Is alnnat e ttrlnfl attached to the- Jclnta of 
constant length. Pljulr^ Mith biti 0-7 Nil I cause point* atraaning from 
each joint to not be dl»played< Nan turn on pit 15. Tho cat ia half sic*, 
and there la ]u*t on« point on each Joint, Bu turning bit 13 dawn fgr « 
eeppnd, tbtn up, a hi it org of arbitrary length can pa crttted* Sat the 
frao« rata to 4 tlck* + the eo*e dlatance to 24 unlta, and tho phaae lag to 
& pelnte. Put up pit 9 and IS, type A + end uatch tho cat run acroa* tho 
fttrOon. Typi f to eat tho phase to E md -E reapec 1 1 re 1 y. 



APPENDIX 3 5nn» useful lfif.mat I un 

Th* fclic*j|t>fl Chatt twl I b (DM UMful Inlornatton to anyone using 
or playing with CMOlS, 



FILE 
NAME 


DESCRIPTION 


LEHGTM PERIOD 
(FnAiF.) 


PHASE LAG 
(FR.BACIU 




SIZE 


5PE! 


0F1CAL.1 


ROTARY 
GALLOP 


192 


36 


6,-5 


3 


plan 


24 


QFICAL.2 


HAD TROT 


82 


12 


29,21 


3 


pi an 


12 


OFICAL.4 


UALK 


129 


3B 


13.19 


3 


plan 


18 


OFICAL.G 


tP.DT 


Z13 


32 


1G.1. 


2 


pi an 


20 


0FICAL.7 


fPDT 


144 


35 


17,18 


1 


plan 


38 


0Ficyy_.fi 


TWJt . 


im 


33 


16 h 17 


7 


pi an 


Lft 


OFECJiL.9 


TOT 


•ft 


33 


17,16 


I 


plan 


19 


QPlCAL.lfl 


ROTARY 

GALLOP 


66 


36 


E.-6 


2 


plan 


26 



OFICAL.ll 1ULK US 43 22 h 21 2 plan 11 

* Cat'i r*ar Faga at.p uhtr, tai F hit back Mall of traad*IM t (about frame 
701 but front on*, kitp going Until cat ufla avgainat pack of triad* H I ual I. 
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